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® AcrylK>methylene succinic eater emulsion copolymers for thickening aqueous systems. 



0 Acrylic emulsion copolymers are prepared by 
emulsion polymerization of (A) a surfactant nxm- 
omer. (B) an a,i^ethylenk»lly unsatmated cartMxylic 
acki monomer, (C) a nonionic o,/8-ettiylenlcally un- 
saturated monomer and (D) opttonaiiy a 
polyettiylenlcally unsaturated cross-linking monomer. 
The surfactant monomer is prepared by condensing 

l^a mono or polyhydric alcohol nonlonk: surfactant 

^wHh methylene succinic add. At a low pH the 
copolymer may be in the iom of an aqueous disper^ 

gskm or latex, but thickens upon neutraflzatkm of at 

J^least some of the carboxyl groups. 
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Aeryllc-Mettiylene Succinic Estar Emulsion Copolymers for Thiclnning Aqueous Systems 



Baci^round of the Invention 

Alkali soluble and alkali swellable emulston 
polymers and copolymers are well known (see e.g. 
Patents Nos. 3,003^; 3,070^1, and 3^1.108) 
and are useful In coatings, textile sizings, textile 
pHnting pastes, paints and Industrial coatings 
where a water soluble resin can be utilized. They 
are also useful as thickening agents in latex based 
adhesives, vdiere days* other fillers, pigments and 
the like are present In addition, alkali soluble emuh 
sion polymers and copolymers find application in 
cleaners, laundry detergents, tottons and other per- 
sonal care products. In petroleum exptoratkxi, 
acrylk: polymers are used as drilling fiuM additives 
for viscosity control and as tmtonlte extenders for 
enhancing perfbnnance of the drilling flukl. Thus, 
according to Patent No. 4,301.018 water soluble 
alkali noetai poiyacrylates are useful additive s in 
drilling flukis based on fresh water. 

In drilling muds acrylics have performed well in 
fresh water drilling, Patent hk). 4,301.018. supra, 
and Patent Ho. 2,718,407, but acrylics have poor 
salt tolerance as compared to some cGllutosk: ma- 
terials. On the other h«id acryltes and other syn- 
thetic polymers and copolymers offer a major ad- 
vantage in manufacturing reproducablllty, as conf>- 
pared to chemically grafted or modified natural 
products, provkied the salt tolerance problem Is not 
a factor. 

The resistance of acrylic polymers to bk)k>gical 
decay is a property which is especially benefteial in 
drilling muds, paints, deaner solutkxis, and per- 
sonal care products. In order to provkie improved 
properties for specific appficatkms, functional poly- 
meric side chains have been added to synthetic 
acrylic systems. 

In varkRis industrial appllcatkxis, acrylics avail- 
able as liquid emulsions ^d dispersions are gen- 
erally easier to use than modified natural polymers 
which usually are dry powders, since the former 
are capable of additk>n at most any point In a 
mfodng process. On the other hand, dry products 
based on starches, cellutose, and proteins require a 
relathfely long hydration time and take k>nger to 
dissolve than the soluble alkali metal polymers. 

Patent ISk). 3,657,175 diseases improved thick- 
ening agents based on acrylics, styrene and bu* 
tadiene, containing bound surfactant groups. 



As shown by Patents No. 4.384.Q96; 4,351,754, 
and 4.421,903. improved thickeners for aqueous 
systems have been developed In which there are 
introduced to the acrylic polymer backbones ester 
5 surfactant groups In sufficient number to enhance 
thickening and rfieok)gical properties. These thick- 
eners find use in paints, coatings, adhesives, clean- 
ers, drilling fluids, textile printing inks, personal 
care pnxlucts, and the Ifke. 



Summary of the inventkm 

According to this invention, new ankmlc 

16 copolymers are prepared by emulston 
copolymeriztng (A) an addition copolymerizable 
substituted methylene succinic acid ester surfac- 
tant monomer, (B) an a,i9-ethyientoally unsaturated 
carboxync acid monomer, (0) a nonlonic a,fi^ 

20 ethylenically unsaturated monomer, and (D) optkxi- 
ally a small amount of a polyethyienically unsatu- 
rated cross-linking numomer. The emulston poly- 
merization is carried out at a tow pH and the 
resulting copolymers are essentially water insoluble 

20 and are present in the aqueous reaction medium in 
the form of a relatively stable dispersion. Upon 
additton of an alkaline material to the dispersion to 
neutralize the reskjual carboxyl groups on the 
copolymer, it iDecomes water soluble and substan- 

90 tially thickens the aqueous system in which it is 
present The presence of the copolymerizable suth 
stituted methylene succinic ester surfactant mon- 
omer imparts to the copolymer the ability to pro- 
vkie higher water viscosities upon neturailzation, as 

as well as enhancing electrolyte stability. This latter 
. property is most important to the stability of the 
rheotogical properties of thickened aqueous sys- 
tems of very high alkalinity. The copolymerizat>le 
surfactant monomer can easily be prepared in near 

40 quantitative yiekJ without unwanted skie reactions 
or fbrmatkm of by-products which would interfere 
with production of a commercial product of uniform 
composition and properties. The reaction emptoyed 
in preparing the surfactant monomer Is general for 

4ff preparation of all such monomers, and altows the 
taltoring of copolymers for specific mari^. 

The new copolymer thickeners are obtained by 
emulsion polymerizing a monomer system com- 
prising: 

60 (A) about 1 to about 25 percent of at least 

one methylene succinic ackJ ester monomer of the 
formula: 
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•^-vj-— (0CH2CH2)x(0CHCH2)y R 
0 (!hq 



10 



in wttich X is an integer fronn 1 to 150, Ofid y is an 
integer from 0 to SO when R is allcoxy. allcyl- 
phenoxy. dlall(yl plenoxy. or allcyl carbonyloxy hav- 
ing 5 to 30 carbon atoms or a sortiitan fatty ester 
of the formula ts 



-(0CH2CH2)p 




(CH2CH20)qRT 
H0(CH2CH20)i,Ri 
CH20(CH2CH20)glRi 



where each of p. q, r, and s is an integer and the 
sum of said integers is from 0 to 100. RHs H or 
CORi and R, is alkyi, aikyi phenyi, or diailcyl phenyi 
having 5 to 30 cartxm atoms, 

(B) alMut 5 to at)out 70 percent of a 
oopolymertzable a,i8-ethyenically unsaturated car- 
boxyUc a^d monorner of the formula: 

RCH- C - COOH 

where R is H and R, is H, an alkyI group containing 
from 1 to 4 cart)on atoms, or -CH,COOX; R is - 
COOX and R, is H. and X is IH or an alkyI group 
containing from 1 go 4 carbon atoms, 

(C) alxxit 10 to about 90 percent of at least 
one nonk)nk:, copolymerlzable o, ^-ethylenically 
unsaturated monomer of the fomtula 

CHi-CYZ 



Y te H and Z is CN, a, -COOR,. -CJIfl, - 
O J R„ - 4 -NH, or -CHgCH,: Y and Z are CI. and 
Y 5 CH, and Z is CN, -NH,, -CH-CH„ -C.H4R, 
or -COOR,. and R Is H. a. Br or ancyl containing 
from 1 to 4 carbon atoms: R» is aikyI containing 
from 1 to 12 carbon atoms, or hydroxyalkyi con- 
taining from 2 to 8 carbon atoms, and R, is alkyl 
containing from 1 to 8 cartxm atoms: and 

(D) up to 1 peioent of a copolymerlzable 
polyethylenically unsaturated cross-linking mon- 
omer, said percentages being by weight, based on 
the total weight of said monomers. 



90 
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The copolymers are prepared by conventkmal 
emulskm polymerization methods at k)w pH, e^. 
pH 2.5-5. yiekjing a high solMs, kiw viscosity 
copolymer dlspersk)n whkii thtekens subsftaMsSfy 
upon neutralization of at least some of the remain* 
Ing carboxyl groups. The copolynners are useful in 
a variety of appik»tk)ns. particularly as thk:keners 
fry aqueous systems. As Rquld emuiston 
copolymers, they can readily be added at any point 
in the mi3dng process. AHematively. the 
copolymers can be dried by any one of several 
well known methods, either as pure polymers, or 
onto a soiM substrate such a kaolin cli^. 



Detailed Description of the Invention 

Monomeric Components: 

As noted previously the copolymers of this 
invention are prepared by emulsion copolymerizs- 
tkMi of three essential types of monomers, namely - 
(A) a monomer surtactant otrtained by condensing 
a nonkmk: surfactant with methylene succink: add 
to yteki an ethylenkslly unsaturated copolymeriza- 
ble surfactant monomer. (B) an a.iS^ylenteaily 
unsaturated carboxyiic add monomer. (C) a non- 
kmic o./^ethylenteaily unsaturated monomer, and - 
(D) optionally a polyethyenk»lly unsaturated cross- 
linking monomer. The proportfons of the monomers 
can be varied widely within certain specific ranges 
to ofcrtain thickening agents possessing a variety of 
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rheologicai properties. As prepared, the aqueous 
acidic copolymer dispersions are easily handled 
high solids latexes which upon neutralization of at 
least a portion of the cartxixyl groups, swell and 
thicken aqueous systems. The nonionic monomer 
serves as a major constitutent of the copolymer 
backkMne, and depending upon the amount thereof 
present permits modification of the film fdnning 
characteristics of the copolymers when dried. The 
bound surfactant monomor permits adjustment of 
the rheological properties provided tyy the 



10 



copolymer, decreases the electrolyte sensitivity 
and enhances the thickening action of tfie 
copolymers. 



(A) The substituted methylene succinic acU ester 
surfactarit monomers. 

As noted previously, the copolymers of this 
invention comprise about 1 to about 25 weight 
percent, based on total weight of monomers, of a 
substituted methylene succinic add ester of the 
formula: 



OH 

ls^^^(0CH2CH2)xC0^HCH2)y-R 



in which x is an integer form 1 to 150. and y is an 
Integer from 0 to 50 when R Is alkoxy. alkyl- 
phenoxy, dialkyi phenoxy, or alkyi carbonytoxy 5 to 
30 carbon atoms or a sortritan ester of the fbrmula: 



26 



-(0CH2CH2)p' 



90 




(CH2CH20)qRi 



CH0(CH2CH20)j,Ri 



CH20(CH2CH20) 



where each of p. q. r and s is an integer and the 
sum of said integers is from 0 to 50. Ri is H or - 
COR,, and Ra Is alkyI, alkylphenyl. or dlalkylphenyi 
having 5 to 30 carbon atdms; 

or X and y are each Integers of from 0 to 40. 

The copolymerizable nonk)nic surfactant mon- 
omers are prepared by a conventional add cata- 
lyzed esterlficaiion reaction of an alcohol with 
methylene sucdnic add. The water byixoduct of 
the reacticm is removed via azeotropic distillation 
as it is fomned to drive the reaction to completion. 

Examples of nonk)nic surfactants which can be 
esterlfled with methylene sucdnic add are the 
polyoxyethylene alcohols such as poly- 
(oxyethylene). stearyl ether and poly(oxyethylene)- 
lauryi ethen ethoxylated alkyI phenols such as 



50 



56 



poly(oxyethylens)3 nonylphenol and poly- 
(oxyethylene). dinonyl phenol; polyoxyethylene fat- 
ty aid esters such as poly (oxyethyleneK stearate 
and poiy (oxyethylene)«o stearate, sorbitan fatty 
add esters, such as sorbitan monooleate and sor- 
bitan monostearate. polyoxyethylene sorbitan fatty 
add esters, such as poly(Qxyethylene)a» sorbitan 
monotaurato and poly(oxyethylene)io monostearate. 

Preferably the surfactant monomer comprises 
from about 5 to 15 percent by weight of the 
copolymer, 7 to 10 percent being a particuiarly 
prefen^ed quantity for such monomer. 
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(B) The copotymerizable a./^ethylenicairy unsatu- 
ratad carboxyilc acid monomar. 

The copolymerizable a,i8-ethylenicafly unsatu- 
rated cartx)xylic add monomers have the general 
formula^ 

RCH« C-COOH 

where R is H and R, is H. an alkyi group containing 
from 1 to 4 caitxxi atoms, or -CH,COOX; R is - 
COOX and Rt is H, and X is H or an aUcyl group 
containing from 1 to 4 cartx>n atoms. 

Examples of these acid monomers include 
such monobasic acids as acrylic, methacrylic. 
croionic. and acykmypropionic acid, mbatk: add 
monomers include maleic. fumaric. and rtaconic 
add. and they can be used in place of a portton, 
e.g. up to atxxit 10 weight percent, of the mon- 
obasic add. Mo n omers which are monoesters of 
dRiasic adds, such as the monobutyl ester of mal- 
eic add can also be used to advantage. The weight 
percent of cartxucylic add morxxner is preferably 
betw een 5 and 70 percent based on the total 
weight of morwmers present Ktore preferably b^ 
tween 30 to 50 weight percent of the add mon- 
omer Is present The most prefemed weight per- 
centage of the carboxylic add monomer is be- 
tween 35 and 45 percent Acryfic and methacryllc 
add are pretorred add monomers. 



{Ci Nonionic a.tf-ethyienically unsaturated mon- 
omers 

In the copolymers of tMs invention a monomer 
which serves as a mijor component of the back- 
bone is a nontonte copolymerizable a.iS-ethylenical- 
ly unsatunried monomer of the fonmula: 

Ca«CY2 

wh^ Y Is H and 2 is CN. CI, -CCX)R, -CH4R. 
-0| R,. - i -NH.. or -CH-CHi Y and 2 are O, 
«id Y is CH, and 2 is CN. - 1 -NH„ -CH«CH,. - 
CJiR. or -CtXMu and R is H. a. Br or alkyI 
containing from 1 to 4 carbon atoms; R, is alkyi 
containing from 1 to 12 carbon atoms, or hydrax- 
yalkyl containing from 2 to 8 carbon atoms, and R, 
is alkyI containing from 1 to 8 carbon atoms. 

Examples of these nontonic monomers are the 
C,-C atkyi and CrC, hydroxyalkyi esters of acrylic 
and methacrylk: &Mb, such as methyl acrylato, 
ethyl acrylate. butyl acrylato. 2-ethyl hexyl acrylato, 
mettiyl methacrylato. ethyl methacrylate. butyl 
melhacrylate, 2-hydroxybutyl acrylate. 2-hydrox- 
yelhyl methacrylate. 2-hydroxypropyl methacrylate, 
styrsne, butadiene, isoprene, vinyl chk)ride. 



vinylidene chtoride, acryk)nitrile, methacrylonitrite, 
vinyl acetate, vinyl butyrate, vinyl caprdate. p- 
chkxfo styrene. isopropyl styrene, vinyl toluene and 
the like. The preferred monomers are acrylate and 

5 methacrylate esters atone or mixtures thereof with 
styrene, acrytonitrile. or vinyl acetate. 

The nonkxiic monomer generally comprises 
from about 10 to atxxit 00 percent by weight of the 
copolymer. The prefenred proportion of this moiv 

10 omer is 30-70 weight percent while the most pre- 
fenred range Is about 50-80 weight percent 



(D) The opttonal polyethylentoally unsaturated 
78 cross-nnklng monomer. 

A small amount of a polyethylenlcally unsatu- 
rated monomer may be added as a cross-linking 
agent Such monomers InckJde diallyl phthalato. 

90 Vinyl crotonate. ailyl methacrylate. divinyl benzene. 
NN'-methylene-bis-acrylamide, ethylene glycol dia- 
cryiate. ethylene glycol dimethacrylate, 1.8-he9c- 
anecfioi diacrylate. and the like. Preferably from 
about .05 to 1 weight percent based on total 

2S monomers, of the polyethylenlcally unsaturated 
monomer Is incorporated into the copdymer. 



The Copolymerization Reactton 

90 

The copoiymere of this inventton are readily 
preparad by conve n tio na l emulston polymerization 
technk^ues using the monomers described above. 
The polynterizatton can be carried out In continu- 

38 ous, semi-continuous or batch fashton. The poly- 
merizatton reactton can be initiated at 40-00*0, 
preferably 75*-85*G. wHh the usual thermal de- 
compositton Initiators such as smnrKsnium persul- 
fate or potassium persulfate or at tower tempera* 

40 tures ustog redox InHiatore such as t-butyl 
hydroperoxWe/Wsulflte, or hydrogen peroxkie wHh 
a fenrous compound. Alterriativeiy azo Initiators 
such as azoblslsovaleronitrile can be used. 

An antonto emulslfier is nonnally induded in 

48 the reaction medium at a c oncenti aU on of about 1 
to 3 percent to maintain the copolymer product In 
the form of a stable aqueous dispersion. Suitable 
emulsfflers for such purpose are sodiwn lauryl sul- 
fate, sodium dodecylbenzene sulfonate, as well as 

80 other ammonium, and alkali metal alkyi aryl sul- 
fonates, ammonium and alkali metal alkyt sulfates, 
sodium dioctyl sulfosucdnate. and sulfonated alkyI 
estere and amkles. Opttonally, a nontonic surfee- 
tant such as nonylphend ethoxylatos. octylphenoi 

86 ethoxylates and linear or branched alkyI ethox- 
ylates also may be employed If desired as they 
have a marked effect on the properties of the 
copolymer product 
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The polymerization is carried out at a pH below 
aixxit 5.0, generally in the range of 2.5 to 5. to 
maintain the insolubility of the copolymer in the 
continuous water phase by reason of the presence 
of free carboxyl groups. The finished copolymer 
dispersions have a relatively low viscosity even at a 
solids content of from 20-40 weight percent, or 
higher. Upon addition of an alkali to neutralize at 
least a portion of the free cart)Oxyl groups, aqueous 
systems containing the copolymers markedly thick- 
en. 



The Properties of the Copolymers 

The improved copolymers of thb invention are 
In-situ thickeners prepared by emulsion 
copolymerizatk)n at a pH between 2.5 and 5. The 
polynierization product is a milky whits latex-like 
aqueous dispersion having a solids content up to 
about 50 percent generally from 20-40 percent, by 
weight The viscosity of these disper^ons is gen- 
erally low, typically from 25-100 cps at 25*C. The 
dispersions, whk:h are relatively stable, are easily 
blended into a variety of aqueous systems. Dif- 
ferent dispersfons according to the inventkxi can 
be blended together to provide the properties de- 
sirsd for a specific application.. The pure 
copolymer, in dried form, is a solM at a tempera- 
ture of 25'C. 

Upon additk)n of an alkaline material such as 
an alkali metal hydroxide, sodium carbonate, or 
other bases such as ammonium hydroxide, 
methyiamine or diethylamine. at least some of the 
free cariMxy groups in the polynner are neutralized, 
rendering the copolymer soluble in water. At a km 
pH, e.g. a pH betow about 5.5, the polymer exists 
in the form of discrete, water insoluble partlcies, 
having an average particle size of about .1 to 5 
microns. Average molecular weights of the 
copolymers are estimated to be between about 
100,000 and 5.000,000. Prefsn^ copolynners have 
an average molecular weight of from about 500,000 
to 1,000,000. Copolymers having substantially high- 
er molecular weights may be obtained when a 
polyethylenically unsaturated cross-linking mon- 
omer is also present 

The selectkxi of the nonionic a,^-ethytenically 
unsaturated monomer has a significant effect on 
the thickening potential of the copolymers. Other 
properties such as tiie rheok)gy of thickened com- 
po^ons are dependent on the phi of neutralization, 
and the glass transition temperature, which prop- 
erties may also be modified by the choice of non- 
ionic monomer. l=6r example, butyl acrylate can be 
incorporated into tiie copolymer backbone to lower 
the glass transition temperature, or "soften" ttie 



copolymer. On the ottier hand, incorporation of 
metiiacrylate esters Into ttie copolymer will stiffen 
ttie copolymer backbone and thereby harden a 
cast film of the polymer. 

5 The fblkiwing examples, in which all parts are 
by weight unless otherwise indicated, are present- 
ed as a means of furttier describing the preparation 
and use of ttie novel copolymers of this invention, 
and shouM not be consklered as limiting the scope 

10 of the invention. 



Example 1 

75 Preparation of the surfactant monomer heptadecyl 
poly(oxyettiylene)M ettiyi mettiylene sucdnata. 

A mixture of 188.9 g (0.175 mole) of hep- 
tadecyl poly(oxyettiylene)n etiianol. 150 g toluene. 

20 0.5 g of mettiyl ettier of hydroquinane (MEHQ) was 
charged to a 500 ml reaction flask equipped witti a 
ttiermometer, mechanical stiver, heating mantel 
and Dean and Staric separator. The mixture was 
heated to reflux to remove any residual water In the 

25 surfectant The mixture was cooled to 70*0 when 
22.8 g of mettiylene sucdnk: add (0.175 moie) 
were added and alkmed to stir until dissoh^. The 
1.0 g of para toluene sulfonic acid (TSA) was 
added and the mixture was again heated to reflux. 

30 After 4 hours. 95% of ttie ttieoretical amount of 
water had been removed and ttie toluene was 
removed in The product cooled to a white 
wax that was used wittiout purification. This reac- 
tion is general for ettioxylated fatty alcohols. 

S8 

Example 2 

Preparation of dinonyl phenoxy poly (oxyettiyiene)i 
40 ethyl mettiylene succinate. 

A mixture of 200 g (0.27 mole) of previously 
dried dinonyl phenoxy poly(oxy6ttiylene)i ettianoi, 
0.5 MEHQ, and 150 g toluene were charged to a 

46 reactor equipped as in Example 1 . The mixture was 
heated to 60*0 and 35 g of mettiylene sucdnic 
add were added and alkmed to dissolve, then 1.0 
g of TSA was added. The mixture was heated to 
reflux for 3 hours at which time the reaction was 

so deemed complete based on water removal, the 
toluene was removed vacuo and the resulting oil 
was used without purification. This reaction is gen- 
eral for ettioxylated alkyl and dialkyi phenols. 

65 

Examples 
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Preparation of sorbitan nonstearate poty - 
(o»y0thyler)6)» ethyl methylene succinate. 

A mixture of 200 g of previously dried poly - 
(oxyethyiene). soitttai monostearate (0.153 mole). 
CIS g MEHQ and 150 g of toluene were added to a 
' equipped as in Example 1. The mixture was 



heated to TO'C when 15.9 g (0.122 mole) of 
methylene succinic add and 1.0 g TSA were ad- 
ded. The reaction was completed as descriK)ed in 
Example Z The product was used without further 
purification after toluene removal. This reaction Is 
general for the class of sork)itan esters. 




2 
3 
4 
5 



TABLE I ' 



Hexadecyloxy poly (oxyethylene)o 
ethanol 

Hep tadecy loxy poly (oxyethylerie ) i o 
ethanol 

Dinonylphenoxy poly (oxyethylene)8 
ethanol 

Dinonylphenoxy poly (oxyethylene ) 50 
ethanol ^ 

Poly (oxyethylene) 20 sorbitan 
monosterate 

*copolymerizable surfactant 



Procedure Used 
Example No, 

1 

1 
2 
2 
3 



Exampie4 



of a copolymer comprising hep> 
tadscyloxy poly(Qxyethyiene)« ethyl methylene 
succinate, methacryiic add and ethyl acryiate. 

An aqueous monomer mixture was prepared 
by combining 6.14 grams of a 30% solution of 
sodium lauryl suK^, 23 grams of the monomer of 
Example 1. and 264 grams of water. After the 
monomer of Example 1 was well dispersed, 90.5 
grams of methacryiic add, 116.0 grams 
ethyiacrylate, and .23 grams dialiyi phthalate were 
added and the mixture was vigorously agitated to 
provide a unffonm white emulsion. To an all glass 
reaction vessel equipped with a mechanical stirrer, 
heating mantle, thermometer, condenser, and drop- 
ping funnel were-added 218 grams of water and 
6.14 grams of a 30% solution of sodium lauryl 
sulfate. The reaction contents were heated with 
agitation to 85*0 and 9.9 grams of a 2.5% ammo* 



40 



80 



nium persuifate solution were added. Addition of 
the monomer pre-emuteion mixture was begun at 
the rate of ^5 miymin. after 10 minutes the mon- 
omer feed rate was increased to 8 mITmin. and 2.5 
ml. shots of .35% ammonium persuifate were ad- 
ded at 5 minute intervals. After completion of the 
monomer addition, 19.8 grams of .45% ammonium 
persuHats solution were added and the copolymer 
was cooked out for 1.5 hours. The resulting emul- 
sion copolymer was cooled and filtered through a 
40 mesh screen to remove any grit The filtnto had 
a 30% solids content and the pH thereof was 2.9. A 
1.0% solids solution thereof raised to pH 9.0 with 
fMaOH, provided a viscosity of 19,000 cps at 25»C - 
(#6 spindle at 10 RPM Brookfield LVT). 

Using the above-described emulsion polymer- 
ization procedure, seven different copolymer dis- 
persions of the invention were prepared and these 
are identified by 'LEG' (liquid emulsion 
copolymer) numbers in Table II. below. Also pre- 
sented in this table are viscosities for aqueous 
systems containing the copolymers. 
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Description of Uses of tiie Copolymers 



60 



As noted previously ttie copolymers of this 
Invention are preparecJ by conventional emultion 
polymerization methods and the resulting 
copolymer dispersions which contain 5 to 50 per- 
cent, generally 20 to 40 percent of copolymer, are 
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suitable as is for use in various industrial applica* 
tlons such as adhesives. coatings, drilling fluids, 
cleaners, walljoint compounds, lotions and other 
personal care products, highly absorbent applica- 
tions, paints, wall paper adhes^es. textile print 
pastes, textile sizings, oil recovery appBcaUons. 
«id the like. 

Freeze point depressants may be added to the 
latex products of this invention to provide moderate 
cold weather protection during shipping If desired. 
The nst of suitable freeze point depressants is long 
and the members thereof are well known to trade. 
Among the generally suitable freeze point depree- 
smts are k)wer molecular weight akxMs and 
glycols such as methanol, ethanol. Isopropanoi, bu- 
tanoi. ethylene glycol, propylene glycol, butylene 
glyool. diethylene glycol, ethylene glycol mon- 
oelhylether. ethylene glycol dimethyl ether, and the 



MtematWely. the product of the invention can 
be dried by a variety of known industrially available 
methods. These include, but are not limited to. tray 
drying, spray drying, dnrni drying, freeze drying, 
and p redp H aUuii and recovery fbltowed by tray or 
fbjkHzed bed drying. Additionally, the copolymer 
products of this invention can t)e dried onto a 
variety of particulate substrates such as sifica. ka- 
olin. HgnHe. bentonHe and other clays, and weigh- 
ting materials normally utilized in various appHca- 
tksns. The purpose of using such substrates Is to 
enable delivery of dry products capable of rapid 
mbdng and (fisperston In various applications where 
the support material is compataUe with the desired 
composition. In addition, the presence of a soUd 
particulate support fadlltiatBs the drying of 
copolymers that form films at relathfely km tem- 
peratures, frequently a Dmiting factor In drying pro- 
cess selection. The use of dried blends of this type 
efimlnates ail concern of product freeze damage 



and related costs to provkie cokJ weather protec* 
tion during shipping. In additkm. copolymer pro- 
ducts of various properties can be delivered to the 
end user in dry form with acceptable economics. 

a The copolymer dispersions of the invention 
usually can be combined in aqueous compositions 
designed for partular applicatk>ns with predictable 
effects due to the fs^ that the surfactant monomer 
may be carefully chosen and incorporated In the 

10 copolymer chain In the desired amount 



Print Pastes 

re The copolymer disperskxis of the invention are 
of interest as print paste thk^fcehers for use in, but 
not Bmited to. textile printing. For example, aque- 
ous disperstons having a conoentratkxi of 1 percent 
polymer soOds of several of the foregoing exann 

20 pies were studied in "clew * formulations resulting 
from neutrallzatkxi with ammonium hydroxide to pH 
9. The "clear" fonmulatkxie were then typteally 
treated with up to 10% of an acrylto "km crock* 
print binder, a representatrve compositkxi of such 

SB type being offered for sale by Alco Chemk:al Cor- 
poratkx) under the deslgnatton PB-1, a 45% solids 
acrylic emulston polymer (CAS No. 27082-10^ 
and 5% of a cotor concentrate of the type sokf by 
many companies to textile mills. A typical product 

30 of the general type is offered for sale by Catawba 
Chariabs of ^kyth Caroflna as Impriment Blue SQG. 
8 blue paste for test purposes. 

Viscosity detarminatkxis were made on the 
"dear" ^xmulatkxis and print pastes and the re^ 

35 suKs are set forth in Table III. bekm. The "LEC" 
numbers whteh appear in this and subsequent ta- 
bles are for copolymers of the same number kjen- 
tified in Table II above. 



LEC 
2 
3 

.6 



TABLE III 

Brookfield Viscosity (cps g 25®C) 10 RPM 

Clear Dispersion U Solids Print Paste 



19,000 
8,200 
12,900 



24,000 
7,300 
15,000 



Any number of different cotor concentrates 
may be substituted for the blue concentrate used 
In these examples. Cokxrs are selected to answer 
the need of stylists In the printing Industry. The 
degree of crosslinking of the copolymer thtekeners 
can be varied for the purpose of altering print paste 



rtieotogy. The viscosities set forth in Table III can 
be varied by addition of a nonkxtk: surtetant to the 
print pasta. 
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Adhesive Applications 

General purpose adheslves may be thiclcened 
with copolymer dispersions of this invention to the 
high viscosity required for rendenng the adheslves 
useful for various purposes such as floor tile and 
carpet installation. For example, there Is commer^ 
daily available fbr such purposes an adhesive liav- 



Ing the necessary filler loading and containing a 
solvent-based tackifyfng resin, to which a styrene 
butadiene latex is added. A small amount of the 
dispersion was added to the adhesive and Brook- 
field viscosities were determined on the adheshre 
before and after addition ofthe latex. The results 
obtained are set forth In Table iV, below: 



LEG 
2 



TABLE iV 

Brookfleld Viscosity 6 5 RPM (ops € 25^0* 
Wet 
Parts 

Psed** Adhesive Base After Latex Addition 

68,000 50,000 
Determirxed with a Heliopath TC viscometer. 
30% solids, see Table II 



0.67 



Oil Well DrilBng Fluids 

Typical oil well drilling fluids were prepared 
using standard methods, and the fluids were sub- 
jected to the API Fluid Loss Test and Fann 35 
Viscosimeter test A comparison was made of the 
thicicentng effects of various thickeners of this In- 
vention utilizing a standard bentonito composition 
(Aquagel^ of N.L Baroid, Inc.) dispersed in mud al 



14 pounds per barrel (PPB). In some of the tests 
2a fresh water mud was used. In addition, muds con- 
taminated with either sodium chloride at a con- 
centration of 7.500 mg/l (PPM) free chloride or 500 
mg^ (PPM) of free calcium Ion in the filtrate were 
also tested tor thldcening effect. The muds were 
^ tested for apparent viscosity at 800 RPM (A.V.). 
plastic viscosity in cps. (P.V.). yield point (Y.P.). 
IbsnOO ft', gel strength. The resuKs are set forth in 
Tables V, VI and Vli. below: 



as 



40 



45 



50 



56 
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TABLE V 
500 ppm Calcium Ion System 

Gel 



Apparent Viscosity (cps)* 

10 sec./ 



LEC ppb 


_2_ 


6 


100 


200 300 


600 


10 min. 


P.V. 


y.p. 


A.V. 


2 0.07 


10 


10 


15 


17 


19 


23 


11/12 


4 


15 


11.5 


0. 10 


12 


12 


17 


20 


22 


26 


13/13 


4 


18 


13.0 


0.15 


14 


14 


20 


23 


26 


31 


13/13 


5 


21 


15.5 


0.20 


16 


16 


24 


27 


30 


36 


15/15 


6 


24 


18.0 


Basest- 






















CaCl2 - 


5 


5 


8 


9 


11 


14 


7/9 


3 


8 


7.0 


Base - 


1 


1 


3 


5 


7 


13 


1/4 


6 


1 


6.5 



• Fann 35 Viscometer, reading divided by two. 



TABLE VI 
7.500 ppm Chloride Ion System 

Gel 

Apparent Viscosity (cps)» 



10 sec./ 



LEC ppb 


-2_ 


6 


100 


200 


300 


600 


10 min. 


P.V. 


Y.P. 


A.V. 


2 0.07 


11 


11 


16 


20 


23 


31 


14/24 


8 


15 


15.5 


0. 10 


10 


11 


16 


20 


24 


32 


14/22 


8 


16 


16.0 


0.15 


11 


11 


18 


23 


27 


37 


14/22 


10 


17 


18.5 


0.20 


12 


12 


20 


25 


30 


41 


15/19 


11 


19 


20.5 


Base-4- 






















NaCl - 


11 


11 


15 


18 


20 


26 


14/25 


6 


14 


13.0 


Base - 


1 


1 


3 


5 


7' 


12 


1/1 


5 


2 


6.0 



»Fann 35 Viscometer, reading divided by two. 

^ Walljoint Compound 

A wailjoint compound vras prepared in vrhich 
were included various copolymer dtspersiona of the 
invention. This compound, designed for use in gyp- 
sum board tape Joints fbr building construction, had 
the fbrnnulation set forth in Table VII. 



58 
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TABLE VIl 
Wall joint Compound 



Part A 



Component 

Water 

Dlspersant 

LEG thickener of 

the invention 

Clay 

Ethylene glycol 
Defoamer 
Latex 
Part B 

Component 
Titanium dioxide 
Mica (325 mesh) 
Filler 



Procedure: 

The componems of Part A were blended to- 
gether to provide a smooth mixture using a low 
shear folding type mixer. The components of Part 
B were dry blended and added slowly to Part A, 
and mixing was continued until a smooth blend was 
obtained. Part of the water of Part A was withheld 
and added during the addition of Part B. 



30 



35 



% by Weight 
37-8 

• 63 

(See Table II) 
1-25 
-63 

• 63 
5.6 

Weight Percent 
31.1 
11.0 
11-0 

The resulting walljoint compounds of this in- 
vention were tested for certain physical properties 
and the results are tabulated in Table Vlil, below: 



TABLE VIII 



Brookfield Viscosity (ops 6 25^*0 
2.5 RPM Spindle TE, 
LEC* Heliopath Viscometer Non Leveling Slip 



Adhesion 



3 520,000 
Blank 140,000 

»See Table II 



good 
poor 



good 
poor 



good 
poor 
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Paper Coatings 

Paper coatings prepared using copolymers of 
this invention offer an improvement over coatings 
containing prior thickeners, espedalty as regards 
efficiency, i.e. the amount of thickneer required to 
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increase the viscosity of the coatings to useful 
ievela. in this regard, the overall rheoiogy of coat- 
ings of both the low and high shear type containing 
thickeners of this Invention were studied. The fluid 
retention of ttie coatings was compared using an s 
"ao. Wanen' taster, and elecbronic water retention 



(EWR) in seconds was measured. The EWR values 
have a t)earing on the overal usefulness of apar- 
ticular thldcenrer. regardless of the amount used in 
the coating, and provides evidence of runabllity of 
the coating. The results of the tests are presented 
inTableelXandX. 
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(A) about 1 to about 25 percent of at least 
one subadtutad monomer of the fomiula 



1. A copolymer obtained by aqueous emulsion 
copolymerizatlon of a monomer system comprising 
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OH 



(0CH2CH2)x(0CHCH2)yR 



in which x is an integer from 1 to 150, and y is an 
integer from 0 to 50. where R is alkoxy, alkyl* ^ ^ 
phenoxy, dialkylphenoxy, or alkyi cartxmyloxy hav- 
ing 5 to 30 cartxvi atoms, or a sorbitan fatty ester 
of the formula 



-(0CH2CH2)p 



O ^ ( CH2CH2O ) qR 1 

CH-0(CH2CH20)pRl 
iH20(CH2CH20)sL2 



where each of p, q, r and s is an integer and the 28 
sum of said Integers is from 0 to 100. R. is H or • 
COR, and R, Is alicyl, aikylphenyl. or diaikylphenyl 
having 5 to 30 carbon atoms; 

(B) about 5 to about 70 percent of a 
oopolymerizabie a./S-ethylenically unsaturated car- so 
bcficyiic a^ monomer of the fbrmula 

RCH- C-COOH 

where R is H and Rt is H, an alkyI group containing ss 
from 1 to 4 carbon atoms, or -CH,COOX; R is • 
COOX and R, is H, and X is or an aikyi group 
containing from 1 to 4 cartxm atoms. 

(C) about 10 to about 90 percent of at ieaat 

one nontonlc. oopolymerizabie a,/^ethyienicaliy un- 40 
saturated monomer of the formula 

CH,»CYZ 

wi^re Y is H and Z is CN, CI, -COOR,, -CAR, - 4$ 
O^J R,. • J -NH„ or -CH«CHh Y and 2 are Q. 
and Y is CH, and Z is CN. -| -NH„ -CH-CH,. - 
CHaR, or -COORi, and R is H, CI, Br or allcyi 
containing from 1 to 4 cartx)n atoms; R, is allcyi 
containing from 1 to 12 cartx)n atoms, or hydrox- so 
yallcyi containing from 2 to 8 cartxm atoms, and Rt 
is alkyI containing from 1 to 8 cartxm atoms; and 

(D) up to 1 percent of a oopolymerizabie 
polyethylenically unsaturated cross-linking mon- 
omer, said percentages being by weight, based on ss 
the total weight of said monomers. 

2. An emulsion copolymer according to claim 1 
polymerized from a monomer system comprising 



(A) about 5 to about 15 percent of said 
substitutsd methylene sucdnk: ester monomer, 

(B) about 30 to about 50 percent of sakJ a,iS- 
ethylenicaliy unsaturated monomer in which R is H, 
and R. is H or an alkyl group contairdng from 1 to 4 
Gartx>n atoms, and 

(C) about 30 to about 70 percent of sakJ a,fi- 
ethyienically unsaturated nrK>non>er in which Y is H 
and Z is -COOR where R is aikyi containing form 1 
to 4 cartxin atoms. 

3. An emulsion copolymer according to claim 2 
in whk:h in said substituted methylene succinic 
add ester monomer (A), R is a sorbitan monoester 
in which R. is an aikyi group containing from 10 to 
20 carbon atoms and the sum of p, q, r and s Is 10 
to 20, Z is CM,«CH-or CH,»C(CH,h A is alkylene 
containing from 2 to 4 carbon atoms, and x and y 
are zero. 

4. An emulsion copolymer according to daim 3 
in which in said substituted methylene sucdnic 
ackJ ester monomer (A), R is sorbitan trioleate, and 
the sum of p, q. r and s is zero. 

5. An emulsion copolymer according to daim 1 
polymerized from a monomer system comprising 

(A) about 7 to about 10 percent of said 
substituted methylene sucdnic add ester mon- 



(B) about 35 to about 45 percent of acrylk: 
or methacryiic add, 

C) about 50 to about 60 peroent of ethyl 
acrylate, and 

(D) about 0.5 to about 1 peroent of said 
polyethylenically unsaturated cross*linking mon- 
omer. 
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6. An emulsion copolymer according to claim 5 
polymerized from a monomer system comprising: 

(A) a substituted mettiylene succinic add 
ester of a compound selected from the gnxip con- 
sisting of hexadecyloxypolyCoxyetfiylene), ethanol. 
hetadecyioxypoly (oxyethylene)„ ethanol. dinonyi- 
phencxy poly(oxyethylene). ethanol. dinonyh 
phenoxy poly(oxyelhylene)>i ethanol, poly- 
(oxydthyiene). 80ft)ttan monostearata, 

(B) methacryiic add, 

(C) ethyl Bcrylate, and 
<D) diallylphthalate. 

7. An aqueous colloidal dispersion comprising 
from about 5 to about 50 percent, by weight of an 
emulsion copolymer of any of claims 1 to 6 having 
a pH of from about 2^ to about 5. 

a A process for making the aqueous colloidal 
dispersion of daim 7 comprising emulsion poly* 
merizing the monomeric system thereof at a pH of 
from about 2.5 to about 5 in the presence of a free 
radical produdng initiator at a temperature of from 
about 40* to about 90*C. 



9. A process as claimed in daim 8, wherein the 
polymerization is canled out at a temperature of 
from about 75«C to about SS^'C. 

10. A thicicened aqueous composition contain- 
5 ing an effecthre thidcening amount of at least a 

partially neutralized emulsion copolymer as 
claimed in any of claims 1 to 6. 

11. A process for making a thickened aqueous 
composition which comprises combining with the 

10 aqueous compositkm an effective thickening 
amount of an emuiskm copolymer as claimed in 
any of claims 1 to 6 and at least partially neutraliz- 
ing smd copolymer to thus thicken said composi- 
tion. 

ra 12. A tiitekened composition according to claim 
11 comprising a latex paint a pigment disperston, 
an dl wdl drilKng fiukJ, a textile printing paste, an 
adhesive, a ik|dd detergent a paper coating com- 
position or a wall Joint composition. 

so 
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